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CHAPTER I 

INTRODUCTION 

Determining patterns and causes of distribution and abundance of 

organisms is a basic question in ecology (Krebs 1985). The interrelatedness of 

distribution and abundance of an organism is clear, in that distributional limits 

are defined by boundaries at which abundance approaches zero. Differential 

abundance of organisms, with respect to space, raises the question of why an 

individual, or species, does not occupy the entire range of available habitat. It is 

postulated that abundance reflects habitat quality, such that better habitats 

support higher densities of organisms (Morris 1987a, Morris 1987b, Krebs 1985). 

If dispersal is discounted, consideration of habitat selection is more fundamental 

in distributional studies than are interspecific interactions (predation, 

parasitism, competition) and the effects of physical and chemical parameters 

(Krebs 1985, Willig et al. in press). Within a habitat, individual animals 

selectively use space to meet energy, reproductive, and refuge requirements 

(Morris 1987a, Wilson 1980). If an individual exhibits some fidelity to that space, 

it may be considered a home range. Clearly, distribution, abundance, habitat 

selection, and home range are related concepts, and should be considered 

together. 

Population size and related parameters (immigration, emigration, 

natality, etc.) at given points in time provide insight to the structure and 

dynamics of a natural population (Seber 1982). This information can be used to 

evaluate animal populations with respect to other factors (i.e., forest 

management, natural disturbances, and predation). An extensive body of 

mathematical theory has been developed regarding the abundance and the 
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dynamics of animal populations (Pollock et al. 1990, White et al. 1982). Some 

abundance estimates are simple one time counts of the minimum number of 

individuals known alive in a particular area. Other, more elaborate methods, 

provide estimates of population density, as well as dynamics involving gain 

(natality and immigration) and loss (mortality and emigration) of individuals. 

Losses and gains to a population are differentially affected by ecological 

and environmental factors, and detailed understanding of the dynamics requires 

knowledge of the action of each (Nichols and Pollock 1990). Recent literature 

(Pollock et al. 1990, Nichols and Pollock 1990) advocates the use of capture

recapture methods to estimate population dynamics. However, straightforward 

counting methods that yield a value for the "minimum number of individuals 

known alive" (Davis 1990) are still valuable and are often used in comparative 

studies (Willig and Camilo 1991) as well as in habitat selection studies (Alvarez 

and Willig in press). 

Habitat selection has been approached in several ways, ranging from 

broad distributional investigations examining groups of species over large areas, 

to smaller localized studies that look at associations between habitat 

characteristics and a single species. Several hypotheses have addressed the 

question of habitat selection, two of these are (Rabenold and Bromer 1989, 

McFarland 1987): 

1. Selective pressures favor animals that recognize and select those 

habitats where survival and fecundity are highest. 

2. The spatial and temporal variability of resources, presented by 

plants in a habitat, strongly affects life histories, breeding systems, 

population dynamics, and movement patterns of animals. 
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For the first hypothesis to be tested, one must presuppose that animals can 

evaluate the quantity and quality of available resources, and knowing this 

information, select the most suitable habitat. The second of these hypotheses 

acknowledges that plants form much of the physical and biological environment 

of animals, and thereby affect population dynamics as well as patterns of 

distribution and abundance (Rabenold and Bromer 1989). 

Landscapes comprise a variety of habitat types (Pickett and White 1985), 

thus it is reasonable to assume that some are more suitable than others in terms 

of the resource availability. Animals in more suitable habitats should produce 

more young, consequently increasing population density in that habitat (Krebs 

1985). Population densities also can increase in more suitable habitats via 

immigration. If habitat selection occurs, with plants forming the basis for this 

selection, then structural or taxonomic characteristics of the plant community 

should correlate with faunal density. 

Natural disturbances are powerful ecological forces affecting the 

structure and composition of forests (Platt and Strong 1989); as a result, 

disturbances could have a major influence on habitat selection. Hurricanes, 

which are high intensity, low frequency disturbances, drastically change forest 

stereogeometry, resulting in considerable variability in environmental 

conditions. Over time, a forest subjected to disturbances of different scale and 

intensity, becomes a mosaic of different stages of succession. 

Considerable confusion exists over the relevant spatial scale at which to 

measure habitat selection (Morris 1987a). If individuals perceive the 

environment at the macrohabitat scale, then microhabitat variables would be 

less important determinants of animal densities. Macrohabitat is a 

distinguishable spatial unit whose minimum area corresponds to home range, 
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whereas, microhabitat is defined by physical and chemical variables that 

determine the allocation of time within the home range (Morris 1987a). 

Home range is the area learned and traversed by an individual in its 

normal activities of food gathering, mating, and caring for young (Burt 1943, 

Anderson 1982, McFarland 1987, and Mares et al. 1980); its size and location 

may vary with age, sex, or breeding condition of the individual. Larger animals 

tend to have larger home ranges (McFarland 1987, Schoener 1969, Turner et al. 

1%9, McNab 1963), probably because daily energy requirements increase with 

body size. 

When spatial dynamics and movement patterns are analyzed, most 

studies fail to distinguish between an area traversed by an animal because of site 

fidelity, and an area produced as an artifact of random wanderings (Munger 

1984, Gannon 1991). Site fidelity exists when the area used by an individual is 

significantly smaller than the area used if movement was random (Spencer et al. 

1990, Munger 1984). Thus, site is a planar region or area rather than a point in 

space (Spencer et al. 1990). If an animal exhibits site fidelity, it can be assumed 

that the animal has knowledge of the landscape and selects its habitat based on 

this knowledge. Furthermore, individuals should be aware of changes in the 

landscape, and adjust their behavior accordingly. 

Caracolus caracolla (Pulmonata: Camaenidae) are the largest (mean 

diameter is 56.9 mm) of five extant caeminid tree snails in Puerto Rico 

(Heatwole and Heatwole 1978). It is sympatric with 34 other snail species in the 

tabonuco forest of Puerto Rico. The distribution of C. caracolla throughout 

Puerto Rico is well documented (Heatwole and Heatwole 1978); it is eurytopic, 

but primarily occurring in moist areas. C. caracolla is found on a multitude of 

substrates; however in cool wet climates, it is found more often on tree trunks, 
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whereas in hotter and drier climates, it is more often found in the leaf litter 

(Alvarez and Willig In press, Heatwole and Heatwole 1978). In general, C. 

caracolla is found from 0 to 3m, but are sometimes measured as high as 10m 

from the forest floor. Its diet includes 42% diatoms, 34% wood cells, 11% plant 

hairs, and 7% leaf cells (percentages reflect simple counts and do not include 

17% mycelia; Heatwole and Heatwole 1978). Snails are long lived, and one 

individual has a documented life span of 15 years (Heatwole and Heatwole 

1978). C. caracolla is hermaphroditic, and the mating seasons occurs throughout 

the year. As with most snails, C. caracolla is moisture and heat sensitive, 

however, they do have the ability to hold water within the shell. 

Although numerous mammalian and avian studies have focused on 

distribution, habitat selection, home range, and abundance, a paucity of 

comparable quantitative population studies exists for terrestrial gastropods 

(Kralka 1986). Moreover, the impact of natural disturbances, such as hurricanes, 

on terrestrial gastropods is not thoroughly understood (Willig and Camilo 1991). 

In fact, compared to vertebrates, relatively little is known about the most 

abundant terrestrial gastropod (C. caracolla) in the Luquillo Experimental Forest 

(LEF) of Puerto Rico (Heatwole and Heatwole 1978). To fill this void, the 

research objectives were to examine a variety of demographic and ecological 

parameters of C. caracolla, including age (size) distribution, population density, 

recruitment, survivability, distribution, microhabitat preferences, home range 

size, and site fidelity, and to evaluate the effect of seasons (wet and dry), and 

disturbance on these estimates. 
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Study Site 

CHAPTER II 

MATERIALS AND METHODS 

The Luquillo Experimental Forest of Puerto Rico (18°10'N, 65°30'W) is the 

only tropical forest included in the U.S. Forest System. It comprises four 

distinct life zones (tabonuco, palo colorado, elfin woodland, and palm forest) 

that correspond to elevation, climate, soil, and vegetation types (Brown et al., 

1983). The tabonuco forest life zone was selected for study because the area has 

an extensive research history (currently a Long-Term Ecological Research site 

funded by the National Science Foundation [Franklin et al. 1990]) and the sites 

support high densities of C. caracolla. 

A comprehensive description of the tabonuco forest is given by Brown et 

al. (1983), from which the following summary is taken. The tabonuco forest is 

located on lower mountain slopes, below 650 meters. Rainfall is substantial, 

between 2000 and 4000 mm annually. Over 150 species of trees are represented 

in the forest. The most common include Dacryodes excelsa (Tabonuco), 

Cecropia schreberiana (Trumpet tree), Didymopanax morototoni (Matchwood), 

Ochroma lagopus (Balsa), and Prestoea montana (Sierra palm). A variety of 

ferns, epiphytes, and fruit-bearing plants occur in the understory as well. Until 

recently, the tabonuco forest consisted of tall, straight trees that reached about 30 

min height, with crowns that merged into a thick canopy. In September 1989, 

forest composition and structure were changed considerably by Hurricane Hugo 

(Brokaw and Grear 1991). For example, the canopy at El Verde experienced 56% 

tree defoliation (Walker 1991) with a significant alteration in vertical distribution 

of foliage (Brokaw and Grear 1991) because of high winds. As a consequence, 
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sunlight is more pervasive on the forest floor, resulting in considerable 

understory growth beyond that present before the hurricane (Fernandez and 

Fetcher 1991). 

Study Plots 

Three square grids (A= 324m2), each of which was divided into 18 

square quadrats (A= 9m2), were established in the tabonuco forest. Two grids 

were established in disturbed areas (disturbance determined by canopy 

openness and frequency of tree falls) and one was established in a less disturbed 

area. To corroborate the visual evaluation of disturbance, canopy openness was 

measured on each grid and compared between the grids via a one way ANOV A 

with g priori and g posteriori tests. These tests confirmed that the two disturbed 

grids were not significantly different in canopy openness <r = 0.509), whereas 

the two disturbed grids were significantly different (P < 0.001) from the 

undisturbed grid. In addition to the small grids, a rectangular 16 hectare 

permanent study plot (the Big Grid) was established within the tabonuco forest 

as part of the Long-Term Ecological Research Program, within which 40 

permanent points, spaced 90 meters apart, were sampled as part of a habitat 

selection study. 

Snail Capture 

C. caracolla is easily detected by visual inspection of the habitat (Alvarez 

1991, Willig and Camillo 1991, Alvarez and Willig in press). Visual searches 

result in minimal habitat alteration and facilitate long-term evaluation of 

population trends (Dillon 1980, Heatwole and Heatwole 1978, Roth and Pressely 

1986, Szlavecz 1986, Willig and Camilo 1991). 
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Upon first capture of a snail, it was permanently marked and shell 

diameter was measured. Snails were marked by drilling two small holes near 

the lip of the shell through which a stainless steel wire was looped and attached 

to a numbered aluminum band (the type often used for marking birds-- Gey 

Band and Tag Co.). A small piece of fluorescent flagging tape (1 cm2) with the 

same number was attached to enhance identification of the individual from a 

distance (e.g., 5 m from the ground on a tall tree). Some snails were too small 

(shell was too thin) for this procedure, consequently they were painted with 

fingernail polish and numbered with a permanent marker. H the shell thickened 

adequately, the more permanent tags were used as well. No effects on behavior 

or survivability of snails were detected during a preliminary study of tagging. 

Small Grid Surveys 

Night surveys, when snails are most active (Heatwole and Heatwole 

1978), were conducted a minimum of 10 times on each grid during both wet and 

dry seasons; each grid was surveyed only once a night. Bias in capturability 

associated with temporal variation in activity of snails was avoided by stratified 

random sampling of grid with respect to five 2-hour periods (2000 - 2200 h, 2200 

-2400 h, 2400-0200 h, 0200-0400 h, 0400-0600 h) such that each 2-hour period 

was surveyed twice for each season. Daytime surveys were conducted a 

minimum of 10 times in both wet and dry seasons for two grids (Tl and 1'3) to 

determine home-site range (Heatwole and Heatwole 1978). Snail quiescence 

varies depending on weather; however, most snails are inactive during the 

daylight hours in the absence of rain. Therefore, surveys to determine home-site 

range were done on only sunny days. 
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Big Grid Survey 

The big grid was sampled once during the dry season (March 1991). 

Subsequent data were analyzed to evaluate correlates of habitat selection during 

that season. At each of 40 points, a circle with 3m radius (A= 28.3 m2) was 

surveyed for snails in the same manner as the in small grids. Two individuals 

surveyed for C. caracolla within each circular quadrat for a minimum of 15 min. 

Each point was surveyed for snails only once during one of four consecutive 

nights. The number of snails captured and the substrate upon which they were 

found was recorded for each point. The number of observed snails was 

considered to be the minimum number known alive within the circle at that 

point. 

Home Range 

For snail captures within each small grid, the location within the quadrat 

was recorded as well as the identification of the substratum (e.g., litter, 

tabonuco, rock) on which the snail was found. Precise location of each snail was 

determined by measuring distances to the snail from each of two adjacent 

corners of a quadrat (Fig. 1). These measurements were used in a triangulation 

algorithm to obtain the location of the snail in the Cartesian plane of the entire 

grid. These data allow for estimation of the home range by way of the minimum 

convex polygon (MCP) method (Anderson 1982, Southwood 1966). The MCP is 

the smallest convex polygon that encloses all the capture points. Its advantages 

include simplicity (Anderson 1982) and relative robustness when working with 

autocorrelated data (Swihart et al. 1988). Moreover, the MCP method is used 

widely and facilitates comparisons with other studies. 

Home range was estimated as a minimum convex polygon by the 

program ''HomeRange" (Huber and Willig unpbl.). A two-way ANCOV A 
9 



(Kleinbuam and Kupper 1978) evaluated the effects of disturbance and season 

(categorical variables) on the mean home range size (dependent variables) for 

snails, controlling for snail size, number of captures per individual, and number 

of days between first and last capture. Orthogonal g_ priori contrasts were used 

to test the hypothesis that mean home range size within seasons was the same 

between disturbed grids (T1 versus T2) as well as between disturbed (T1 and T2) 

and undisturbed grids (T3). Finally, Tukey's g_ posteriori test, which yields 

results that are conservative, but closer to the intended significance level than 

other g_ posteriori tests (Sokal and Rolf 1981), was conducted for all other 

pairwise comparisons of grids. This series of analyses was done for night 

captures only; all analysis were executed via SPSS (SPSS Inc. 1990). 

Site fidelity was evaluated by a Monte Carlo simulation (Manly 1991) via 

program "HomeRange" (Huber and Willig, unpubl.), which generated a set of 

random movement segments and calculated a MCP home range for those 

movements. A movement segment is the distance between subsequent captures 

of an individual. Two hundred MCPs were generated using actual movement 

parameters (mean and variance of movement distances) for a snail, with the 

number of movement segments equaling the number of captures minus one. 

However, the direction of movement was random by assigning the angle 

between capture segments from an even distribution of angles (from 1 o to 360° 

at 1° increments). Consequently, generated MCPs have the same number of 

movement segments as those of the actual snail but vary in size. The generated 

MCPs represent a randomized distribution against which the observed MCP can 

be tested. Once probabilities were obtained for all of snails, Fisher's test for 

combining probabilities (Sokal and Rohlf 1981) was used to test the hypothesis 
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that snail movements are not random, and that mean home range (MCP) of 

snails were smaller than those generated by chance alone. 

Vertical Space Use 

The mean height for each snail during small grid surveys was calculated 

separately for night and day captures. Significant differences in mean height of 

capture (MHC) related to disturbance, season, or their interaction was 

ascertained by a two-way ANCOV A, in which size of the snail was the 

covariate. Orthogonal g priori comparisons evaluated if differences in MHC 

during the night existed between the disturbed grids (T1 versus 1'2) as well as 

between disturbed (T1 and T2) the undisturbed grids (T3). Tukey's g posteriori 

test evaluated other pairwise comparisons between grids within each season. 

Only two of the grids (T1 and T3) were sampled for day captures. 

Consequently, a two-way ANCOV A evaluated if MHC responds to disturbance, 

season, or an interaction of both, while controlling for snail size. 

To test the hypothesis that C. caracolla stayed closer to the ground during 

the day than during the night, MHC for day captures was compared to that for 

night captures via an g priori paired t-test in each season. A two-way repeated 

measures ANOV A subsequently evaluated the joint effects of disturbance, 

season, or an interaction of both on MHC while controlling for snail size. 

Habitat Selection 

For each quadrat from the small grids (T1, T2, and T3), and for each of the 

40 quadrats on the big grid, habitat was characterized using a plethora of ranked 

(1-5), continuous scale, and count variables. Rock cover, dead wood cover, vine 

cover (on standing trees), and litter cover were ranked variables (1, coverS 20%; 

2, 20% <covers 40%; 3, 40% <coverS 60%; 60% <coverS 80%; 5, cover> 80%). 

11 



Other variables were either directly measured, counted, or calculated. These 

include canopy cover, number and diameter at breast height (dbh) of each tree 

species, and plant apparency (Cook and Stubbendieck 1986). Plant apparency is 

a measure of species-specific foliar volume at different heights. The device used 

to measure apparency consisted of a 3 m PVC pipe with 0.5 m wooden dowels 

projecting perpendicularly at 0.5 m intervals, starting at the ground, for a total of 

seven different height intervals (0 to 3 m). At four points, each equidistant from 

the center and a corner of the quadrat, the plant apparency device was rotated to 

each of the cardinal directions, for a total sampling distance of 8 m per height. 

Once the device was positioned, a species-specific count of vegetation touching 

the perpendicular dowels (foliar hit) at each of the seven heights was recorded. 

From this, species-specific plant apparency, height-specific plant apparency, 

total plant apparency, and foliar height diversity were calculated. The 

apparency of each plant species was calculated as the total number of hits by 

that species at all heights in a given quadrat. Height-specific plant apparency 

was calculated by summing the number of foliar hits at a given height 

regardless of species. Total plant apparency is the sum of all plant hits at all 

heights for a given quadrat. Finally, foliar height diversity (FHD) was 

calculated using the Shannon function (Ludwig and Reynolds 1988), 

7 
FHD = l:Pilnpi 

i=1 I 

where l2i is the ratio of apparency of all plant species at height ito apparency of 

all plant species at all heights in that quadrat. Hence, FHD is a measurement of 

the structural diversity of the understory up to 3 m. 

To evaluate habitat selection at different scales, a dummy variable 

(Morris 1987a, Kleinbuam and Kupper 1978) was used to represent the relative 
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disturbance condition of the grid (coded 1 for a disturbed grid and 0 for an 

undisturbed grid). The data for the three small grids was combined and the 

dummy variable was included in a multiple regression. 

A forward entry (step-up) multiple regression (SPSS Program 

REGRESSION, SPSS Inc. 1990) was used to obtain a subset of the microhabitat 

variables that are important in predicting snail density. With this method, the 

variable with the largest positive or negative correlation is the first to be entered 

into the equation. Of the remaining variables, the one with the highest partial 

correlation, after adjustment for variables already in the equation, is added. 

This continues until none of the remaining variables which are significant 

change R2 by at least 5% when added to the equation (Willig and Selcer 1989, 

Willig et al. in press). 

In total, 134 structural or plant taxonomic habitat features were 

ascertained for the grids. Many of these features represented uncommon plant 

species that occurred only in one quadrat in all the grids, therefore it was 

necessary to cull some of the dependent variables. All structural measurements 

(i.e., canopy cover, litter cover, height-specific apparency) were used in the 

regression analysis, but only taxonomic variables (plant apparency) with an 

average frequency of occurrence (within a quadrat) of 1.0 were included in the 

regression analysis. Plant taxonomic variables that had a frequency of 

occurrence between 0.5 and 1.0 were included in the multiple regression 

analysis if at least 5 observations occurred in any quadrat. This resulted in 49 

habitat variables characterizing the grids (Appendix A). In all cases, the 

dependent variable in the multiple regression was snail density. For these 

analyses, snail density for the small grids was the total number of snail captures 

for a quadrat over the sampling period. Snail density for the big grid was the 
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total number of snails counted in that quadrat (as the minimum number known 

alive). 

In summary, a separate multiple regression was done for each grid using 

both structural and plant taxonomic variables listed in Appendix A. In addition, 

the structural and plant taxonomic variables were analyzed separately to 

explore more thoroughly which aspects of the habitat are important in 

predicting snail density. A combined data set, which included a dummy 

variable representing disturbance was analyzed in the same manner. 

Population Parameters 

Methods of density estimation and related demographic parameters have 

received critical evaluation over the last two decades by several authors (Pollock 

et al. 1990, Otis et al. 1978, White et al. 1982, Seber 1982). These authors agree 

that three main factors affect capture probability, and thus have the potential to 

bias estimations of abundance. The first of these is temporal variation in capture 

probability. For example, weather could change between surveys, making 

conditions difficult for capture on one occasion compared to other survey times. 

The second source of variation in capture probability is a behavioral 

modification in response to being trapped. This condition is commonly referred 

to as either "trap happy'' or "trap shy." Thirdly, capture probabilities could 

vary as a result of age, sex, or reproductive condition. Furthermore, it is 

possible to encounter combinations of these three factors. 

To best reduce the effects of varying capture probability, a number of 

maximum likelihood estimators of density have been derived to relax the 

assumption of equal capture. Good reviews of these estimators are included in 

Otis et al. (1978), Seber (1982), White et al. (1982) and Pollock et al. (1990). In 

addition, Otis et al. (1978) and Pollock et al. (1990) have written computer 
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programs that use a goodness-of-fit test to evaluate the best estimator for the 

data. Program CAPTURE (Otis et al. 1978) was designed to estimate density 

and related parameters for closed populations using different maximum 

likelihood estimators. Program JOLLY (Pollock et al. 1990) was designed to 

estimate density and related parameters for open populations using variations 

of the Jolly-Seber model. 

The robust design prescribed by Pollock et al. (1990) for long-term studies 

was used to estimate snail population size. This design minimizes the influence 

of unequal catchability by exploiting two levels of sampling. Sampling was 

designed so that K primary sampling periods are months apart, and within each 

of these, L secondary surveys were conducted (Fig. 2). Program CAPTURE was 

used on data from the secondary surveys to estimate population size for each of 

the primary sampling times. Several models in program CAPTURE (Otis et al. 

1978) are designed to relax the assumption of equal capture probability for 

closed populations. Fortunately, a model selection procedure is included as part 

of the program. However, Pollock et al. (1990) warn that the tests used for 

model selection are not independent, and often have low power. They 

recommend that biological knowledge of the animal and the methods of capture 

should be used to pick the best model to estimate population size. 

Survival rate, which is not so influenced by unequal catchability, was 

estimated by program JOLLY (Pollock et al. 1990) by pooling the secondary 

sampling times together to represent one primary sampling period. Included in 

the program is a model selection procedure that selects the best estimator from 

three different models (A, B, and D). Model A is the standard Jolly-Seber model 

for open populations. Model B is the Jolly-Seber model with survival rate 

assumed constant per unit time and time specific capture probability. Model D 
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is the Jolly-Seber model with survival rate and capture probability assumed 

constant per unit time. 

Capture probabilities (pi) were calculated by both JOLLY and CAPTURE, 

whereas recruitment ( Bi) was calculated by hand using the formula 

8. = N. 
1

- ~.(N. -n. +R.), 
1 1+ 1 1 1 1 

where Ni represents population estimate for time i (calculated with program 

CAPTURE using secondary sampling data), ~i is the estimate of survival 

probability from time ito i+1, ni is the total number of animals caught during 

the survey, and Ri is the number of ni returned to the population after the i-th 

sample. 

Four primary sampling times were used in the mark and recapture 

analysis, two were in the dry season and two were in the wet season. Sampling 

occurred on June- August, 1990 (wet 1990) with 11 secondary surveys; March, 

1991 (dry 1991) with 10 secondary surveys; July, 1991 (wet 1991) with 2 

secondary surveys; and March- April, 1992 (dry 1992) with 4 secondary 

surveys. 

Significant differences in population size, survival probability, and 

recruitment due to disturbance and season were established by the absence of 

overlap between 95% confidence intervals. Density estimates were calculated as 

the mean population size estimate for each grid, within each season, divided by 

total area. However, estimating density is not as simple as dividing Ni by the 

area of the grid because of "edge effect'' (White et al. 1982), which occurs if 

animals located on the edge of the grid do not spend all of their time on the grid. 

As a result, the effective area of trapping is larger than the actual grid, and a 

naive estimate of density (Ni/area of grid) tends to be an overestimate. To 

account for edge effect, the area of an imaginary strip, with a width equal to half 
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of the diameter of the average home range size for C. caracolla was calculated 

(Dice 1941, Otis et al. 1982) and added to the total area of the grid. 

Size and Growth 

The size of snails on each grid was recorded during the wet season (1990) 

and dry season (1991). Each snail was classified in one of eight arbitrary size 

categories (1, Y1 < 25.0 mm; 2, 25.0 mm ~ Y2 < 30.0 mm; 3,30.0 mm ~ Y3 < 35.0 

mm; 4, 35.0 mm ~ Y4 < 40.0 mm; 5, 40.0 mm ~ Ys < 45.0 mm; 6, 45.0 mm ~ Y6 < 

50.0 mm; 7, 50.0 mm ~ Y7 < 55.0 mm; 8, Ys ~ 55.0 mm). The size (age) 

distribution of populations (Sauer and Slade 1988) was compared among the 

grids and between the seasons via hierarchicalloglinear analysis (SPSS, Inc. 

1988). An g priori loglinear analysis was used to compare disturbed grids to the 

undisturbed grid and to compare disturbed grids to each other. 

Snail growth was determined by subtracting the initial measurement of 

marked individuals taken in the wet season of 1990 from the measurement taken 

in the dry season of 1991. The difference in measurements was divided by the 

amount of time between the first and last capture. To analyze differences in 

annual growth of snails among grids as well as differences between snail size 

classes, I used an ANCOVA (SPSS, Inc. 1988) with initial size as the covariate. A 

priori analysis compared annual growth of snails between disturbed grids and 

the undisturbed grid, as well as between the disturbed grids. Tukey' s g 

posteriori test was used for all other pairwise comparisons. 

Spatial Distribution 

The center of activity (COA) for each snail within each grid was 

calculated for each season. The coordinates of the COA for each snail were 

calculated by taking the means of the~ and l coordinates for all night captures 
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(Hayne 1949, Krohne and Burgin 1990, Glass et al. 1991, Blanchard and Knight 

1991). Once~ and~ coordinates for each snail were known, it was possible to 

create quadrats of any size and count the number of snails in that quadrat. A 

quadrat size of 30 by 30 em(= 1 block) was chosen to analyze spatial patterns of 

C. caracolla on T1, T2, and T3 separately; this resulted in 60 transects that were 

60 quadrats in length for each grid. In general, quadrat-variance methods 

require sampling be done in a contiguous transect of quadrats. The variance in 

the number of organisms among quadrats is calculated; quadrats are then 

''blocked" in some fashion so that the quadrat size increases and variance 

among the larger quadrats is calculated. This continues until a maximum 

blocked quadrat size of N /2 is reached. Several''blocking'' methods are 

available, however Ludwig and Reynolds (1988) recommend a variation of the 

blocked-quadrat variance method, called the two-term local quadrat variance 

(TTLQV) method (Hill1973). The formula for calculating variance at a block 

size of Sis 

VAR(X)S = {1/[N -(25-1)]}{Nts[J_[(.Ix1)-(. 

2I,\1)]]}, 
ksO 25 l=l+k l=S+k+l 

where N is the total number of quadrats (60) in a transect and ~is the number of 

snails in a quadrat i. Calculations are done for successively larger block sizes 

with the maximum block size of N /2 (30 blocks for each transect). As a result, 

TTLQV method (Fig. 3) estimated variances based on block sizes from 1 (0.09 

m2) through 30 (2.70 m2). Subsequently, the unweighted mean of the variance at 

each block size for the 60 transects was calculated. The mean ± standard error 

was plotted as a function of block size, and patterns of spatial distribution are 

determined from examination of the graphs (Usher 1983). H spatial distribution 

is random, the variance should vary only slightly as block size increases, with no 

variance peaks at any one block size. With a uniform spatial distribution, the 
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values in the variance graph would be small, and variation in variance would be 

nearly undetectable. The variance graph of a clumped spatial distribution 

would have peaks at some block sizes. 

To assess if spatial distribution patterns were an artifact of the direction 

of the transects, the TTLQV method was used for the 60 transects in both 

directions for each grid. For example, on grid Tl, TTLQV method was used for 

60 transects aligned from top to bottom, after which the TTLQV method was 

used again for transects which were aligned left to right. If the graphs of the 

variance/block size were similar, independent of the direction of the transect 

alignment, the spatial pattern is likely not an artifact. Alternatively, if the 

graphs differed, then conclusions concerning spatial distribution of C. caracolla 

would be controvertible. 
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Figure 1. Diagrammatic representation of a small grid. 
Each line segment defining the squares 
represents 3 m. Combinations of numbers and 
letters identify each quadrat. Two distance 
measurements (dl and d2) were taken to find the 
exact location of snails (black circle) on the grid. 
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Figure 2. Diagrammatic representation of a capture 
recapture design that allows a combination 
of closed and open population models 
during analysis (Pollock et al. 1990). 
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Home Range 

CHAPTER ill 

RESULTS 

For night captures only, ANCOV A revealed that MCP home range size 

was significantly correlated with two covariates, size of the snail (P < 0.001) and 

number of captures (P = 0.007; Tables 1 & 2). After the variation in home range 

size due to these covariates was taken into account, the ANCOV A evinced a 

significant grid effect(£< 0.001), which was consistent in both seasons (Table 1). 

The ~ priori test demonstrated that MCP home range of C. caracolla was 

significantly different(£< 0.001) and larger in grid T3 than in grids T1 and T2 

(Tables 1 & 2). This clearly suggests a disturbance effect on home range size. 

No differences in mean home range size were detected between the two 

disturbed grids (P = 0.238; Table 1). Tukey's ~posteriori test, which is less 

powerful than the previous tests, revealed that T1 and T3 were the only two 

grids that were significantly (£ = 0.05) different (Table 1). In both disturbed 

grids, home range of snails was larger in the wet season than in the dry, but the 

opposite was true for the undisturbed grid. Also in grid T3, the standard 

deviation was considerably larger than in either of the other two grids (Table 2). 

Finally, Fisher's test of combined probabilities (Sokal and Rohlf 1981) revealed 

that for all grids in each season, snails have significantly smaller MCP home 

ranges than those generated by random movements (Table 3); therefore, snails 

exhibit site fidelity and move in a non-random manner. 
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Vertical Space Use 

The MHC for all snails in all grids in all seasons was 1.371 m. ANCOV A 

for night captures showed a significant grid effect (P = 0.032) and seasonal effect 

<r = 0.008; Table 4). A priori tests revealed no significant (P = 0.125) difference 

between disturbed and undisturbed grids; however, a significant (P = 0.032) 

difference existed between the two disturbed grids (Table 4). The less powerful 

Tukey's ~posteriori test did not detect significance in the other pairwise 

comparisons of grids. ANCOV A on the day captures, found a significant .{£ = 

0.035) difference between disturbed and undisturbed grids (Table 5); no other 

factors were significant. Comparison between night and day MHCs showed 

that C. caracolla stays closer to the ground during daylight hours. The paired t

test of MHC for snails within each season were all significant (Table 6). 

However, the repeated measures ANCOV A did not detect any significant 

differences associated with time of capture, grid, or season (Table 7). 

Habitat Selection 

When both structural and plant taxonomic descriptors were analyzed 

simultaneously in the multiple regression, some plant taxonomic and structural 

descriptors did not enter into the equation because of a high communality with 

the descriptors already in the equation. This is corroborated by the separate 

analysis of plant taxonomic and structural descriptors. Some variables that were 

significantly correlated with snail densities were not entered into the final 

regression equation in any of the analyses because of intercorrelation with 

descriptors already entered into the equation. Ultimately they were not 

included because, individually, they did not account for at least 5% of the 

variation in snail density after adjustment for variables already in the equation. 
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The multiple regression for grid Tl that included structural and plant 

taxonomic variables revealed that sites with the highest vine cover, highest total 

basal area (sum of the basal area of all the trees within the quadrat), and the 

largest apparency value for Heliconia bihai contained the largest number of 

snail captures (Table 8). These three variables accounted for most (80.6%) of the 

variation among quadrats in snail density. In the absence of plant taxonomic 

variables, vine cover, total basal area, and apparency at 2.5 m accounted for 

77.4% of the variation among the quadrats in snail density. In the absence of 

structural variables, apparency values for Philodendron spp. and Heliconia 

bihai accounted for 64.6% of the variation in snail density. Philodendron spp., 

which were highly correlated with vine cover (r= 0.897), was not included in the 

regression when all variables were used, but was included in the regression 

equation based on only plant taxonomic variables. The structural variable, 

apparency at 2.5 m, similarly was not included in the regression equation when 

all variables were used, in part because it was correlated with Heliconia bihai 

(!:=0.575). Six other variables (dead wood cover [r = -0.341], Homalium 

racemosum [r = 0.721], apparency at 1.5 m [r = 0.333], apparency at 2.0 m [r = 

0.379], rock cover [r = -0.343], number of trees [r = 0.335]) were significantly 

correlated (df = 34; P = .OS) with C. caracolla density, but were not included in 

the regression equation. 

For grid 1'2, the regression using both plant taxonomic and structural 

variables showed that snail densities were correlated positively with diameter of 

Prestoea montana (the sum of diameters of all P. montana in a quadrat) and 

apparency of Manilikara bidentata, while negatively correlated with apparencies 

of Psychotria berteriana, Ichnanthus pallens, and Sloanea berteriana (R1 = 0.669; 

Table 9). Using only the structural variables, only diameter of P. montana was 
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associated with higher densities of C. caracolla ~ = 0.332). When structural 

variables were eliminated from the multiple regression, none of the plant 

taxonomic variables changed R.~ more than 5%; thus they were not entered into 

the equation. Two structural variables, canopy openness (r = -0.344) and 

number of trees (r = 0.458), were significantly correlated with snail density, but 

were not included into the equation. 

Based upon both structural and plant taxonomic variables, high snail 

densities on grid T3 were positively associated with apparencies of 

Philodendron spp. and P. montana (Table 10). In concert, these variables 

accounted for 76.1% of the variation among quadrats in snail density. When 

using only the structural variables, snail density was associated positively with 

apparency at 0 and 3.0 m, and with dead wood cover, but negatively with 

apparency at 2.0 m and rock cover (R.~ = 0.703). Two plant taxonomic variables 

(apparencies of Philodendron spp. and P. montana) were associated with high 

snail densities when the structural variables were removed from the regression 

(R2 = 0.761). Two of the structural variables were not included in the regression 

when all descriptors were analyzed because of significant correlations with 

plant taxonomic variables (dead wood cover and apparency at 3.0 m correlated 

with apparency of Philodendron spp. [r = 0.665] and P. montana [r = 0.652] 

respectively). Three structural variables (apparency at 0.5 m [r = 0.460], 

apparency at 2.5 m [r = 0.339], and total plant apparency [r = 0.520]) were 

significantly correlated with snail densities but were not included in any 

regression equation. 

Two descriptors accounted for 48.4% of the variation among the quadrats 

in snail density when the data for the three small grids were combined, and the 

structural and plant taxonomic variables were analyzed together. Included in 
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the equation was the apparency of H racemosum and apparency at 2.5 m (~ = 

0.484; Table 11). The multiple regression of only structural variables uncovered 

two descriptors positively correlated with snail density (vine cover and 

apparency at 2.5 m) and two descriptors negatively correlated with snail 

density (litter cover and canopy openness; ~ = 0.340). A subset of plant 

taxonomic variables, H. racemosum, H bihai, and Philodendron spp., accounted 

for 51.9% of the variation among quadrats in snail densities when plant 

taxonomic variables were analyzed separately. The exclusion of the dummy 

variable in the equation (plant taxonomic variables only) and the fact that the 

simple correlation (r) was only 0.047 indicates that disturbance alone was not a 

good indicator of snail density. 

Finally, the multiple regression on the Big Grid data identified five 

variables that accounted for 80.4% of the variation among quadrats in snail 

density using both plant taxonomic and structural variables in the analysis. 

These included apparencies of Colocasia esculenta (malanga) and Philodendron 

spp., aspect, number of trees, and dead wood cover (Table 12). When only the 

structural descriptors were analyzed, P. montana diameter (R~ = 0.145) was the 

only significant structural variable. Two plant taxonomic variables, C. esculenta 

and Philodendron spp., accounted for 64.9% of the variation among quadrats 

when only the plant taxonomic variables were analyzed. P. montana was 

significantly correlated with C. esculenta (r = 0.331) and therefore was not 

included in the regression equation based upon all descriptors. 

As expected, in all analyses of habitat characteristics, variation among 

quadrats in snail density was better explained when using both the structural 

and plant taxonomic variables in the regression as compared to using either 

separately; however, the added resolution varied depending upon the particular 
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grid. Using all the descriptors for grid T1 accounted for 3% more than using the 

structural descriptors alone and 16% more than using the plant taxonomic 

variables alone. For grid T2 (34% and 67%) and for T3 (13% and 70%), more 

variation is explained by using all descriptors than by the structural or plant 

taxonomic descriptors alone, respectively. 

These differences imply that C. caracolla select habitat based on plant 

species composition as well as structural arrangement of species. Vine cover or 

apparency of Philodendron~· was included in the regression equation in all 

analyses, except for grid T2, thus indicating the importance of vines in 

predicting areas of high snail density. Surprisingly, when the three small grids 

were analyzed as one data set, H. racemosum was the first variable entered into 

the equation; it had not been entered into any of the separate regression 

equations for each grid. This likely occurred because H racemosum had ~ 80% 

coverage by Philodendron spp. 

Population Parameters 

The model selection procedure in program CAPTURE did not choose the 

same model for each of the 12 data sets (3 grids x 4 primary surveys = 12 data 

sets). For half of the data sets, the program chose the heterogeneity model (M}l; 

Otis et al. 1978, White et al. 1982). This model allowed capture probability to 

vary among individuals. Population estimates were calculated using a jackknife 

estimator. The model selection procedure chose model Mhb (heterogeneity and 

behavior) for 4 of the data sets; it allows capture probabilities to vary as a 

behavioral response to the first capture, and to vary among individuals. The 

selection procedure chose model Mb (behavior) for two of the data sets; it allows 

capture probabilities to vary in response to an animal's first capture. Because 

variation in capture probabilities among individuals was included in almost all 
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(83%) of the selected models, and little biological evidence suggests that snail 

behavior changes on response to first capture, model Mh was chosen to estimate 

population size in all cases. 

Confidence intervals for population size do not overlap between grids T1 

and T3, indicating significantly different densities (Fig. 4; Table 13). In contrast, 

the overlap of confidence intervals for the estimate for grid T2 and each of the 

other two grids suggest that it was intermediate in density. Except for the 

population size estimate for the wet season of 1990, population size of T2 was 

significantly different than that of T1. Nonetheless, disturbance, per §_g, was 

clearly not a good indicator of population size, a conclusion supported by 

habitat selection analyses as well. No significant seasonal effects on population 

size existed within any of the grids. 

In program JOLLY, the goodness-of-fit test indicated that the reduced 

parameter model was the best approach for estimating survivability and 

recruitment. Recruitment estimates were calculated for the intervals between 

sampling times wet season of 1990 to dry season of 1991, dry season of 1991 to 

wet season of 1991, and wet season of 1991 to dry season of 1992, this resulted in 

three estimates for each grid. None of the population parameters, recruitment 

(Fig. 5), survivability, (Fig. 6), or capture probabilities (Fig. 7), were significantly 

different among grids based on the overlap of confidence intervals (Tables 14-

16). Again, disturbance had no clear effect on any population parameters. 

To estimate the density of snails in the tabonuco forest, it was necessary 

to adjust the size of the grid to account for edge effect. The effective surveyed 

area was 374.68 m2. The density for grid T1 was 0.32 snails/m2, for grid T2 was 

0.19 snails/m2, and for grid T3 was 0.22 snails/m2. 
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Size and Growth 

Size distribution of snails differed among grids (Figs. 8-9; Table 17) and 

between seasons (Figs. 10-12; Table 17). No interaction occurred between grid 

and season: size distributions consistently differed among grids in the same 

way, regardless of season. In the same fashion, size distributions differed 

between seasons, but the difference was consistent among the grids. A 

significant difference (£ = 0.05) in size distribution was found between the 

disturbed grids (T1 versus T2) in both seasons based on g priori analyses. In 

addition, a significant difference (P = 0.05) was found in size distribution 

between the disturbed grids as a group and the undisturbed grid in the dry 

season. In contrast, no significant differences existed in size distributions among 

the grids during the wet season. 

I had size measurements during both wet and dry seasons for a total of 89 

snails. The average annual growth of snails on the three grids was 3.67 mm, 

with an average initial snail size of 43.46 mm (Table 18). Snail growth was 

significantly correlated with initial snail size (P < 0.001); however, once variation 

due to that covariate was taken into account, a significant difference in annual 

snail growth between the grids(£= 0.05) was apparent (Table 19). A priori 

analysis detected a difference in annual snail growth between the disturbed 

grids and the undisturbed grid(£= 0.022). The less powerful Tukey's g 

posteriori test could not detect significant differences in other pairwise 

comparisons. 

Spatial Distribution 

Based on the overlap of the standard errors, the variance graphs of the 

different transect alignments for each of the grids within each season (Figs. 13 -

18) do not differ significantly. Therefore, any conclusions about the spatial 
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distribution of the snails on the grids were not based on methodological artifact. 

A small amount of variation characterized grid T1 in each season (Figs. 13 & 16), 

but overlaps of standard errors clearly indicated that none of the small peaks 

represented statistical deviations. For grids T2 and T3 (Figs. 14-15, 17 -18) even 

less variation occurs within seasons than was observed for grid T1. Overall, 

quadrat-variance analysis indicated that C. caracolla did not have a clumped 

spatial distribution if sampling quadrats range in size from 0.09 m2 to 2.7 m2. 

However, because of a small amount of variation in the variance graph for grid 

T1, snail distribution in grid T1 approached a random distribution, whereas for 

grid T2 and T3 the graphs indicate snails were evenly distributed. 

31 



220 

200 

180 

Q) 

-~ 160 en 
c:: 

·
0 140 -ns 
:::J 

8"120 a.. 

100 

80 

60 

. 
• - r . 

. 

. 

. 

. -
""" 

. 

. 

. 

. 

. 

. 

. 

T1 

- 1-

- 1-

~ 

~ 

- - - r-

- -

-""" 

I I I 

-r-

- """ 

I 

Grids 
T2 

----

- ~ 

-""" 

T 

:E 0 :E 
m :c m 
-t -< -t 
c6 c6 c6 
0 ....... ....... 

I 

-r- -r-

u 
- ~ 

0 :E :c m 
-< -t 
c6 c6 
1\) 0 

T3 

4 

-~ 

~ I 

--

4 

-""" 

T 

-r-

--::r::-

0 
:c 
-< 
c6 
1\) 

Figure 4. Population estimates and their 95% confidence intervals for 
C. caracolla on each grid (374.68 m2) dwing the four primary 
sampling periods in the tabonuco forest (Luquillo 
Experimental Forest, Puerto Rico). Estimates were calculated 
using the Jackknife estimator (model Mh) from program 
CAPTURE (Otis et al. 1978). 
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Figure 5. Estimated number of new individuals of C. caracolla (and 95% 
confidence interval) recruited during the interval ito i+l and 
alive at i+l (recruitment includes birth and immigration) for 
each grid in the tabonuco forest (Luquillo Experimental Forest, 
Puerto Rico). 
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Figure 7. Estimated probability (and 95% confidence interval) 
that a snail alive at time i is captured during the i-th 
sample in the tabonuco forest (Luquillo Experimental 
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(1990). Black bars represent grid Tl, hatched bars represent grid 
T2, and shaded bars represent grid 1'3. (Size categories in 
millimeters: 1, Yt < 25.0; 2, 25.0 ~ Y2 < 30.0; 3, 30.0 ~ Y3 < 35.0; 4, 
35.0 S Y4 < 40.0; 5, 40.0 S Ys < 45.0; 6, 45.0 S Y6 < 50.0; 7, 50.0 S Y7 
< 55.0; 8, 55.0 ~ Y s) 

36 



(I) 25 
...J 

< z 
(I) 

~ 20 

> 
(.) 
z 
~ 15 
0 w a: 
u. 
w 10 
> 

~ 
w 
a: 5 

0 
Y3 Y4 Y5 Ys 

SIZE CATEGORY 

Figure 9. Size distributions of snails on all grids during the dry season 
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Figure 10. Size distributions of snails on grid T1 in both seasons. Black 
bars represent wet season and hatched bars represent the dry 
season. (Size categories in millimeters: 1, Y 1 < 25.0; 2, 25.0 ~ Y 2 
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Figure 11. Size distributions of snails on grid T2 in both seasons. Black 
bars represent wet season and hatched bars represent the dry 
season. (Size categories in millimeters: 1, Yt < 25.0; 2, 25.0 S Y2 
< 30.0; 3, 30.0 s Y 3 < 35.0; 4, 35.0 s Y 4 < 40.0; 5, 40.0 s Ys < 45.0; 6, 
45.0 S Y6 < 50.0; 7,50.0 S Y7 < 55.0; 8,55.0 S Ys) 
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Figure 14. Plot of variance in snail density (mean± 1 standard error) for the 60 
transects at each block size for grid T2 in the wet season. (a) 
represents top to bottom alignment of transects, whereas (b) 
represents the left to right alignment of transects. 

42 



0.26 . . . . 
0.21 . 

. 
w 

0.16 0 
. 

z . 
< . 
a: 

0.11 < 
. 

> 
. 

0.06 
. 

·- -~~~~ 
. ....,..........,...._,....-.....- . ....,........,.... ....--..--

~ ~ ~ ..... ..... .... .... .... .... .... 
0.01 ~ 

111111111111111 I I I I I I I I I T I I I I 
5 10 15 20 25 30 

BLOCK SIZE 

(a) 

0.21 

w 
0.16 0 

z 
< 
a: 

0.11 < > 

0.06 

5 10 15 20 25 30 
BLOCK SIZE 

Figure 15. Plot of variance in snail density (mean± 1 standard error) for the 60 
transects at each block size for grid T3 in the wet season. (a) 
represents top to bottom alignment of transects, whereas (b) 
represents the left to right alignment of transects. 
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Figure 16. Plot of variance in snail density (mean ± 1 standard error) for the 60 
transects at each block size for grid T1 in the dry season. (a) 
represents top to bottom alignment of transects, whereas (b) 
represents the left to right alignment of transects. 
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Figure 17. Plot of variance in snail density (mean± 1 standard error) for the 60 
transects at each block size for grid T2 in the dry season. (a) 
represents top to bottom alignment of transects, whereas (b) 
represents the left to right alignment of transects. 
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Figure 18. Plot of variance in snail density (mean ± 1 standard error) for the 60 
transects at each block size for grid T3 in the dry season. (a) 
represents top to bottom alignment of transects, whereas (b) 
represents the left to right alignment of transects. 

46 



Table 1. Comparisons of C. caracolla foraging range (minimum convex 
polygon) among grids and between seasons based upon ANCOV A 
and~ 12riori contrasts. 

Effects DF MS F p 

Co variates 3 414.10 9.023 <0.001 
Size 1 655.53 2.824 <0.001 
Number of captures 1 345.16 2.618 0.007 
Number of days 1 6.02 0.429 0.718 

Grid 2 372.21 5.420 <0.001 
Tl vs. T2 1 64.57 1.410 0.238 
(Tl & T2) vs. T3 1 677.27 14.760 <0.001 

Season 1 4.47 0.097 0.755 

Grid b~ Season 2 5.10 0.056 0.946 

Table 2. Descriptive statistics of home range size (minimum convex 
polygon) for C. caracolla in each grid within each season. 

Standard 
Season Grid N Mean Deviation 

Wet Tl 51 4.919 5.490 

Dry Tl 30 3.030 3.421 

Combined Tl 81 4.059 4.792 

Wet T2 10 4.820 5.088 

Dry T2 9 3.165 3.282 

Combined T2 19 4.525 4.888 

Wet T3 37 8.781 10.004 

Dry T3 17 10.290 10.812 

Combined T3 54 9.501 9.983 

Total 154 5.963 7.518 
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Table 3. Comparison of actual home ranges of C. caracolla based on 
minimum convex polygon with 200 randomly generated home 
ranges based on Fisher's test of combined probabilities. Codes are: 
**, 0.001 < P < 0.01; ***, P < 0.001; t, T2 was not surveyed during 
the day. 

Season Grid Time G df Significance 
Wet T1 Night 276.008 55 ** 

T1 Day 180.562 39 *** 

T2t Night 46.282 13 ** 

T3 Night 144.481 37 *** 

T3 Day 123.685 27 ..... 

Dry T1 Night 132.034 33 ..... 
T1 Day 79.602 19 ..... 
T2 Night 33.268 9 ** 

T3 Night 66.822 20 ** 

T3 Da! 56.616 17 ** 

Table 4. Comparisons of the mean heights of capture of C. caracolla at night 
among grids and between seasons based upon ANCOV A and~ 
priori comparisons. 

Effects OF MS F p 

Co variates 
Size 1 0.14 0.52 0.472 

Grid 2 0.98 3.54 0.032 
T1 vs. T2 1 1.30 4.69 0.032 
(T1 & T2) vs. T3 1 0.66 2.38 0.125 

Season 1 2.02 7.29 0.008 

Grid by Season 2 0.04 0.16 0.856 
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Table 5. Comparisons of the mean heights of capture of C. caracolla during the 
day among grids and between seasons based upon ANCOV A. 

Effects OF MS F p 

Regression 1 0.71 1.71 0.194 
Grid 1 1.90 4.59 0.035 

Season 1 0.01 0.03 0.874 

Grid by Season 1 1.27 3.06 0.084 

Table 6. Comparisons of day mean heights of capture to night mean heights 
of capture for C. caracolla within grid and season based on paired t
tests. 

Season GRID N Significance 

Wet T1 33 0.05 > p > 0.01 

Wet T3 20 0.05 > p > 0.01 

Dry T1 14 0.05 > p > 0.01 

Dry T3 9 0.05 > p > 0.01 

Table 7. Comparisons of the mean heights of capture of C. caracolla among 
grids, between seasons, and between time of capture (night or day) 
based upon repeated measures ANCOV A. 

Effects OF MS F p 

Time 1 0.06 0.33 0.567 

Season by Time 1 0.07 0.40 0.531 

Grid by Time 1 0.56 3.35 0.072 

Season by Grid by Time 1 0.10 0.57 0.452 
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Table 8. Multiple regression analysis of the density of C. caracolla on grid T1 
as a function of structural and plant taxonomic descriptors. The order 
of appearance of the descriptors corresponds to their entry into the 
final multiple regression equation. Codes are: ]L the regression 
coefficient; r, simple correlation coefficient; RZ, the multiple coefficient 
of variation; L\RZ, the change in variation explained by the addition of 
a particular variable. 

R2 L\R2 GrouE Habitat descriEtor B p r 
All 

Vine cover 0.245 <0.001 0.768 0.590 0.590 
Total basal area -0.003 <0.001 0.170 0.722 0.132 
H. bihai 0.300 0.001 0.231 0.806 0.084 

Structural 
Vine cover 0.220 <0.001 0.768 0.590 0.590 
Total Basal Area -0.003 0.001 0.170 0.722 0.132 
Apparency at 2.5 m 0.807 0.010 0.483 0.774 0.052 

Taxonomic 
Philodendron spp. 1.123 <0.001 0.736 0.542 0.542 
H. bihai 0.328 0.004 0.231 0.646 0.104 

Table 9. Multiple regression analysis of the density of C. caracolla on grid T2 
as a function of structural and plant taxonomic descriptors. The order 
of appearance of the descriptors corresponds to their entry into the 
final multiple regression equation. Codes are: !!, the regression 
coefficient; r, simple correlation coefficient; RZ, the multiple coefficient 
of variation; L\Rl, the change in variation explained by the addition of 
a particular variable. 

GrouE Habitat descriEtor B p r R2 L\R2 
All 

P. montana diameter 0.331 <0.001 0.576 0.332 0.332 
P. berteriana -0.446 0.004 -0.297 0.460 0.128 
M. bidentata 2.651 0.003 0.312 0.564 0.104 
I. pallens -0.134 0.022 -0.266 0.619 0.055 
~. berteriana -0.903 0.042 -0.289 0.669 0.050 

Structural 
P. montana diameter 0.333 <0.001 0.576 0.332 0.332 

Taxonomic (none) 
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Table 10. Multiple regression analysis of the density of C. caracolla on grid T3 
as a function of structural and plant taxonomic descriptors. The 
order of appearance of the descriptors corresponds to their entry into 
the final multiple regression equation. Codes are: I!, the regression 
coefficient; r, simple correlation coefficient; Rl, the multiple 
coefficient of variation; &Rl, the change in variation explained by the 
addition of a particular variable. 

R~ M{~ GrouE Habitat descriEtor B p r 
All 

Philodendron spp. 0.676 <0.001 0.807 0.651 0.651 
P. montana 0.387 <0.001 0.231 0.761 0.110 

Structural 
Dead wood cover 8.611 <0.001 0.578 0.334 0.334 
Apparency at 0 m 0.258 0.001 0.361 0.485 0.151 
Apparency at 3.0 m 0.555 0.002 0.433 0.575 0.090 
Apparency at 2.0 m -0.477 0.014 -0.148 0.650 0.075 
Rock cover -1.824 0.027 -0.047 0.703 0.053 

Taxonomic 
Philodendron spp. 0.694 <0.001 0.807 0.651 0.651 
P. montana 0.310 <0.001 0.231 0.761 0.110 
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Table 11. Multiple regression analysis of the density of C. caracolla (small grids 
combined) as a function of structural and plant taxonomic descriptors. 
The order of appearance of the descriptors corresponds to their entry 
into the final multiple regression equation. Codes are: 1L the 
regression coefficient; r, simple correlation coefficient; Rl, the multiple 
coefficient of variation; ~1, the change in variation explained by the 
addition of a particular variable. 

~2 Grou:e Habitat descri:etor B p r R2 
All 

H. racemosum 1.903 <0.001 0.635 0.404 0.404 
Apparency at 2.5 m 0.192 0.245 0.360 0.484 0.080 

Structural 
Vine cover 0.068 <0.001 0.399 0.159 0.159 
Apparency at 2.5 m 0.387 0.047 0.360 0.236 0.077 
Litter cover -3.172 0.001 -0.179 0.277 0.041 
Canopy openness -49.499 0.002 -0.251 0.340 0.063 

Taxonomic 
H. racemosum 1.829 <0.001 0.635 0.404 0.404 
H. bihai 0.299 <0.001 0.223 0.469 0.065 
Philodendron s:e:e· 0.317 0.001 0.544 0.519 0.050 
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Table 12. Multiple regression analysis of the density of C. caracolla on the Big 
Grid as a function of structural and plant taxonomic descriptors. The 
order of appearance of the descriptors corresponds to their entry into 
the final multiple regression equation. Codes are: !L the regression 
coefficient; r, simple correlation coefficient; R2, the multiple 
coefficient of variation; L\R.2, the change in variation explained by the 
addition of a particular variable. 

Grou:e Habitat descri:etor B p r R2 L\R.2 
All 

Malanga 0.639 <0.001 0.733 0.538 0.538 
Philodendron spp. 0.251 <0.001 0.290 0.649 0.111 
Aspect -0.346 <0.001 -0.207 0.704 0.055 
No. of trees -0.328 0.001 -0.088 0.746 0.042 
Dead wood cover -0.525 0.001 -0.185 0.804 0.058 

Structural 
P. montana diameter 0.060 0.015 0.381 0.145 0.145 

Taxonomic 
Malanga 0.661 <0.001 0.733 0.538 0.538 
Philodendron s:e:e· 0.217 0.002 0.290 0.649 0.111 
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Table 13. Population density estimates of C. caracolla determined by the 
Jackknife estimator from program CAPTURE (Otis et al. 1978) for 
each grid (374.68 m2) within each primary sampling period. Codes 
are: N, estimate of population size; SE, standard error of that 
estimate; E, average capture probability of snails. 

Grid/Season Total animals A A 

SE 95% confidence interval p N 
caught lower upper 

Grid T1 
Wet-1990 128 0.294 171 11.22 148 193 
Dry -1991 127 0.204 182 13.26 155 208 
Wet-1991 108 0.507 141 7.12 118 164 
Dry -1992 116 0.292 173 12.42 148 198 

Grid T2 
Wet -1990 84 0.140 139 14.23 110 167 
Dry-1991 64 0.143 94 8.51 77 111 
Wet-1991 76 0.490 101 6.10 89 114 
Dry -1992 68 0.341 91 6.60 78 104 

Grid T3 
Wet -1990 89 0.386 96 3.43 89 103 
Dry -1991 73 0.252 88 5.41 77 99 
Wet -1991 72 0.516 94 5.72 83 106 
Dr:r -1992 103 0.417 126 7.38 112 141 
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Table 14. Estimates of survival probability(~), capture probability (p), and 
recruitment (Bi) for C. caracolla on grid Tl. ~ is the probability that a 
snail alive at time i survives to time i+l. pis the estimated 
probability that a snail alive at time i is caught in the i-th sample. Hi 
is the estimated number of new snails recruited (birth and 
immigration) during the interval ito i+1 and alive at time i+1, where 
B1 estimates the interval from wet season of 1990 to dry season of 
1991, B2 from dry season 1991 to wet season of 1991, and B3 from wet 
season of 1991 to dry season of 1992. 

Parameter Estimate SE 
95% confidence interval 
Low High 

~ 

tP 0.549 0.053 0.446 0.652 
~ 0.631 0.066 0.501 0.761 p 

B1 74.133 17.634 39.571 108.696 

B2 26.194 14.627 0.000 54.864 

B3 84.0572 15.173 54.317 113.797 

Table 15. Estimates of survival probability(~), capture probability (p), and 
recruitment (Bi) for C. caracolla on grid T2. ~ is the probability that a 
snail alive at time i survives to time i+1. p is the estimated 
probability that a snail alive at time i is caught in the i-th sample. Hi 
is the estimated number of new snails recruited (birth and 
immigration) during the interval ito i+1 and alive at time i+1, where 
B1 estimates the interval from wet season of 1990 to dry season of 
1991, B2 from dry season 1991 to wet season of 1991, and B3 from wet 
season of 1991 to dry season of 1992. 

95% confidence interval 
Parameter Estimate SE Low High 

~ 0.513 0.056 0.403 0.623 

p 0.536 0.053 0.432 0.640 

B1 20.596 13.833 0.000 47.708 

B2 51.171 9.270 33.000 69.340 

B3 36.884 9.325 18.610 55.160 
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Table 16. Estimates of survival probability ( ~ ), capture probability ( p ), and 
recruitment (Bi) for C. caracolla on grid T3. ~is the probability that a 
snail alive at time i survives to time i+l. pis the estimated 
probability that a snail alive at time i is caught in the i-th sample. Hi 
is the estimated number of new snails recruited (birth and 
immigration) during the interval ito i+l and alive at time i+l, where 
B1 estimates the interval from wet season of 1990 to dry season of 
1991, B2 from dry season 1991 to wet season of 1991, and B3 from wet 
season of 1991 to dry season of 1992. 

Parameter Estimate SE 
95% confidence interval 
Low High 

q, 0.614 0.045 0.526 0.703 

p 0.736 0.043 0.652 0.820 

B1 17.392 7.358 2.970 31.810 

B2 29.276 8.007 13.580 44.970 

B3 35.863 6.711 22.709 49.020 

Table 17. Comparisons of the size distribution of C. caracolla among grids 
and between seasons based on hierarchicalloglinear analysis. For the 
first three effects, Pearson X2 is reported, whereas, for the others, a 
partial X2 is reported. 

Effect DF X2 Probability 

3rd - higher order 14 14.729 0.392 

2nd - higher order 37 83.565 <0.001 

1st- higher order 47 181.457 <0.001 

Season by grid 2 1.474 0.479 

Season by size category 7 16.255 0.023 

Grid by size category 14 38.565 <0.001 

Season 1 4.360 0.037 

Grid 2 37.483 <0.001 

Size category 7 44.551 <0.001 
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Table 18. Mean annual growth and mean initial size in millimeters of C. 
caracolla in each of the grids. N is the number of snails. 

Grid N 
Mean initial Mean 

diameter growth/ year Std. Dev. 

T1 43 45.053 3.683 4.146 
T2 15 36.471 6.296 4.121 
T3 31 44.634 2.384 2.225 

Table 19. Comparisons of mean annual growth for C. caracolla among grids 
based on ANCOV A and ~priori contrasts. 

Effects DF MS F p 

Covariate 

Initial Diameter 1 423.65 46.03 <0.001 

Grid 2 28.48 3.09 0.050 

(T1 & T2) vs. T3 1 50.17 5.45 0.022 

T1 vs. T2 1 6.79 0.74 0.393 
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CHAPTER IV 

DISCUSSION 

Previous research in the tabonuco forest (Alvarez and Willig in press) has 

demonstrated that C. caracolla can respond to disturbance (tree fall gaps) and 

season. Changes in microclimatic conditions associated with both factors may 

necessitate shifts in behavior that survival and fecundity are maximized. The 

stable population parameters of C. caracolla relative to disturbance could 

indicate the success of those behavioral responses. Conversely, the disturbance 

could have affected snail demography, but those effects were equivalent on all 

three grids. 

Disturbance 

Variation in disturbance, per §g, had no effect on demographic 

parameters of C. caracolla. Analysis of habitat selection, population parameters 

(density, recruitment, and survivability), size distributions, and spatial 

distribution consistently rejected variation in disturbance as a significant factor. 

Nonetheless, snails modified their behavior in response to disturbance. In 

particular, home range size and vertical space use, were consistently different 

relative to disturbance. 

Mechanisms for coping with disturbance should be selected in 

populations continually subjected to disturbance over evolutionary time. In the 

tabonuco forest, large-scale disturbances by hurricanes increase light availability 

on the forest floor via creation of tree falls (Fernandez and Fetcher 1991). Light 

availability is positively correlated with soil and air temperature and negatively 

correlated with humidity (Tanner et al. 1991). Humidity decreases as distance 
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from the ground increases (Odum et al. 1970). In other contexts, success of 

terrestrial pulmonates is largely attributable to physiological and behavioral 

adaptations to problems of water balance (Riddle 1983). Within the tabonuco 

forest, Heatwole and Heatwole (1978) showed that C. caracolla is sensitive to 

reductions in humidity and increased heat, the latter being the more critical 

factor in causing death. Minimizing movement in open (= disturbed) areas 

reduces the chance of encountering such deleterious conditions, and lessens the 

use of metabolic water. The cost of reduced movement, in terms of foraging 

success, may be minimal as a result of increased quantity of dead plant material 

that accompanies gap formation. In fact, resource abundance and quality may 

actually be higher in gaps than in areas of closed canopy (Alvarez and Willig, in 

press). 

Season 

Seasons in LEF primarily are determined by annual rainfall patterns. 

During the winter, rainfall at El Verde is less than during the summer, resulting 

in lower relative humidity as well. Although the litter layer often desiccates 

during the dry season, rainfall is sufficient so that the soil stays moist and trees 

do not experience water stress (Odum et al. 1970). Season was not a significant 

factor in most of the analysis of snail behavior, indicating that seasonal 

microclimatic conditions that are important to C. caracolla do not vary 

appreciably during this time. Willig and Alvarez (in press) did not find a 

significant seasonal effect in their study as well. 

Seasonal difference in mean height of capture during the night likely was 

a response by snails to lower humidity during winter months. The declining 

relative humidity gradient from the forest floor to the canopy is likely 
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accentuated during the dry season, and subsequently creates higher water stress 

for snails. 

Significant seasonal difference in size distribution of snails is consistent 

with several scenarios. Seasonal fluctuations in copulation and egg laying could 

cause a regular annual surge of emergent snails. Smaller snails are more 

sensitive to water stress; it would be advantageous to time emergence of new 

snails with wetter parts of the year (Heatwole and Heatwole 1978). Nonetheless, 

differences in the size frequency distributions (Figs. 8 - 9) between seasons were 

not restricted to the smallest size class. Compared to larger snails, smaller snails 

experienced higher mortality rates related to heat or humidity stress (Heatwole 

and Heatwole 1978), which is consistent with higher dry season mortality for the 

smaller size classes. Finally, Hurricane Hugo caused higher mortality in the 

smaller size classes (Willig and Camilo 1991) in the tabonuco forest at Bisley. 

The first survey in my study was approximately 7 months after the hurricane 

and as a consequence would exhibit a deficiency of snails in smaller size classes. 

Recruitment of the smaller size classes could have returned to its usual level ten 

months after the hurricane, the time of the second survey, and therefore falsely 

created the impression of a seasonal fluctuation which was in fact, a response to 

disturbance. Over time, the original hurricane induced deficit in the smaller size 

classes would cascade through the larger size classes. 

Home Range 

The Monte Carlo test of random movement confirms the existence of site 

fidelity for C. caracolla. This corroborates evidence from Drewry (1%8), who 

reported that individuals of C. caracolla return to their home range after being 

displaced up to 50 m. The number of days between first and last capture was 

not significantly correlated to size of the home range; this suggests that the time 
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span of the mark and recapture is small enough to preclude extensive or 

appreciable shifts in home range location. Resident snails have been 

documented to stay in the same range for at least 220 days (Drewry 1968). 

Although little is reported on the home range of snails in general, there 

are several pre-hurricane Hugo estimates of home range exist for C. caracolla. 

Heatwole and Heatwole (1978) reported a mean home site range of 35.8 m2 at El 

Verde, considerably larger than the mean of 6.0 m2 from this study. The 

discrepancy between these estimates is not surprising, considering the duration 

of the Heatwoles' study (several years) compared to this study (two-month 

period for the wet season and 3 weeks for the dry season). Heatwoles' estimate 

is probably confounded by shifts in the home range location over time. The 

estimates of Hernandez de Arroyo (1974) and Drewry et al. (1968), 7.0 m2 and 

4.6 m2 to 237 m1respectively, were smaller than those of the Heatwoles' and 

comparable to the estimates obtained in this study. 

The significantly larger average home range of snails in T3 (undisturbed 

grid) clearly indicates a disturbance effect. Again, a greater incidence of 

sunlight on the disturbed grids changes the microclimate such that snails avoid 

movement that exposes them to unfavorable conditions. Additionally, snails 

might avoid open canopy areas because of higher predation by birds. C. 

caracolla is not alone in this type of behavior, avoidance of direct sunlight has 

been reported for the terrestrial snail Helminthoglypta arrosa (Van Der Laan 

1975). Horizontal movement might be reduced as a consequence of two 

additional factors associated with hurricane-induced disturbance. The opening 

of the canopy by the hurricane increased the quantity of dead and dying tissues 

at the forest floor, with secondary succession subsequently heralding an increase 

in producer biomass in the understory. Together, increased structural 
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heterogeneity in the understory, along with increased levels of forage and 

substrate, may elicit increased use of the vertical dimension of the understory. 

This view is consistent with the observed change in home range size and vertical 

space use observed on the disturbed grid (smaller home range, greater vertical 

movement). 

Vertical Space Use 

Open canopy in the disturbed grid (Tl) created microclimatic conditions 

less favorable for vertical movement. Drier conditions were the probable cause 

for seasonal differences in the MHC for night captures. Similarly, significant 

differences in MHC of day captures may be a response to increased insolation 

on the disturbed grid. Heatwole and Heatwole (1978) reported that in the 

lowland, where temperatures are higher and there is more direct sun (similar to 

the disturbed grids), C. caracolla tended to occupy leaf litter rather than tree 

trunks. Moreover, differences in MHC between night and day captures can be 

explained avoidance of dry conditions. 

Habitat Selection 

There is some concern about the scale at which to investigate habitat 

selection (Morris 1987a). In an attempt to address this, a dummy variable, 

disturbance, was used in the regression equation for the combined data set 

including all three small grids. Presumably, disturbance represented a 

macrohabitat feature that embodied several distinctive microhabitat features. H 

disturbance had been included in the regression equation for habitat selection, 

then habitat perception by C. caracolla would involve the macrohabitat scale. 

Disturbance was not included in the equation, two explanations are possible. 

Disturbance does not consistently represent the same suite of microhabitat 
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features, or C. caracolla perceives habitat at a finer scale. Any differences 

between the grids affecting snail densities were a result of differences in 

microhabitat features rather than unique aspects of the macrohabitats. 

Aspects of the understory are better determinants of snail density than 

are broad classifications of the forest based upon canopy openness. C. caracolla 

consistently selected quadrats with high vine cover or its correlates (Appendix 

B). This is true when the small grids are analyzed separately or combined. 

Although H. racemosum accounted for 40.4 % of the variation in the combined 

data set, it was highly correlated to apparency of Philodendron spp. In addition, 

C. caracolla consistently selected quadrats with high apparency values for 

Prestoea montana and its correlates. 

Analyses of the Big Grid data were consistent with the small grid analysis 

in that Philodendron spp. was the second descriptor entered into the equation, 

and P. montana diameter was the only structural variable entered in the absence 

of plant taxonomic descriptors. Although Colocasia esculenta (Malanga) was 

entered as the first descriptor for the Big Grid data, it was not consistently 

selected as an important determinant of snail densities. C. esculenta is relatively 

rare in the forest; it was found at only one point in the Big Grid and only one 

quadrat in the three grids; however, C. esculenta was not entered into the 

regression equation for grid T2 or for the combined data set for the three small 

grids. For this reason and the fact that few snails were found during the Big 

Grid dry season survey, the importance of C. esculenta as a good predictor of 

snail density is questionable. 

A consistent negative association between density of C. caracolla and 

habitat descriptors did not obtain. However, canopy openness was negatively 

correlated with snail densities when data from all three small grids were 
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combined, supporting the conclusion that snails avoid microclimatic changes 

associated with open canopy. 

Population Parameters 

Using the Jolly method of density estimation, Heatwole and Heatwole 

(1978) reported densities ranging from 700 to 900 C. caracolla per hectare at El 

Verde; they considered these to be biased because the assumption of equal 

capturability was violated. Because of advances in mark and recapture density 

methodologies, this study's estimates of density (T1 = 3200/hectare; T2 = 

1900/hectare; T3 = 2200/hectare) do account for variation in capturability, and 

thus were more accurate. Additionally, these data represent post hurricane 

conditions compared to estimates from more than two decades earlier. 

Differences could be a result of long-term population growth, use of different 

estimation techniques, or the effects of Hurricane Hugo. H disturbance was the 

cause of the increase in population density, a surge would have been expected in 

the number of juveniles; this was not observed. Drewry (1968) reported a 

density estimate (methodology was unreported) for C. caracolla ranging from 

2000 to 3300 snails per hectare at El Verde; these are much closer to my 

estimates. Because disturbance did not have a direct effect on the overall 

density of snails in my study, other factors must be contributing to variation in 

density among grids. 

Survivability, of which the alternative is death or emigration, ranges 

between 51.3% and 61.4%, indicating that a little less than half of the snails are 

either dying or moving out of the grids over a two-year period. Drewry (1968) 

reported losses due to emigration and death of 0.17% per day (methodology 

unreported). If that loss rate is extrapolated over a two year period, it totals 

1.21 %, which is much smaller than my reported estimates for the same amount 
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of time. Snail recruitment on the grids failed to show a pattern of seasonal 

variation. 

The lack of a consistent difference in snail densities between the 

disturbed and the undisturbed grids, as well as between seasons, concurs with a 

study on small-scale disturbances such as tree falls by Alvarez and Willig (in 

press). They determined that densities of C. caracolla did not differ significantly 

between wet and dry seasons, but that they approached significance between 

forest and gaps. 

Size and Growth 

Heatwole and Heatwole (1978) reported a stable size distribution across 

seasons, although no statistical tests were performed. In contrast, I found a 

significant seasonal difference in size class distributions as well as differences 

among grids. Again, seasonal variation in size classes could be related to 

growth patterns, differential mortality for the smaller size classes, or timing of 

new snail emergence. 

Spatial Distribution 

Studies of spatial distribution of an organism must take into 

consideration the size of the sampling unit. Relative to the size of the organism; 

size of the sampling unit will alter analytical results from clumped to non

clumped (or vice-versa) as the relative size of the sampling unit goes from small 

to large. Analytical results can also be affected by the size of aggregations and 

the distances between them (Ludwig and Reynolds 1988). Willig and Camilo 

(1991) reported a clumped spatial distribution for C. caracolla before and after 

hurricane Hugo in the Bisley watershed of the LEF. Their study was on a much 

larger scale; quadrat size was 78.54 m2 compared to a maximum of 2.7 m2 for 
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this study. Perhaps analytical results would change as sampling unit size 

progresses from 2.7m2 to 78.54m2. 

In conclusion, variation in disturbance after Hurricane Hugo, as indicated 

by canopy openness, appeared to have little to no effect on demographics of C. 

caracolla. Population level responses may be undetectable for three reasons. 

First, C. caracolla is subjected to large- and small-scale disturbances over time, 

and snails have adapted to these recurrent disturbances. Second, hurricane 

Hugo could have had such a pervasive effect that even the "undisturbed" areas 

were affected. Third, the artificial dichotomy of describing the forest as 

disturbed or undisturbed may be too simple. In reality, the forest comprises a 

continuum of disturbances; this melange is the background within which new 

disturbances occur (Lieberman et al. 1989). Consequently, the density of C. 

caracolla, whether in a disturbed or undisturbed region of the Luquillo 

Experimental Forest, reflects the results of past disturbances as well. The same 

microhabitat features affecting variation in density within small grids accounts 

for the differences among the grids (levels of disturbance). And behavioral 

differences of snails between disturbed and undisturbed grids were largely 

attributed to the drier microclimate created by the open canopy. 
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APPENDIX A 

TI-lE SUITE OF HABITAT CHARACTERS EVALUATED 

BY MULTIPLE REGRESSION ANALYSIS FOR THE 

THREE SMALL GRIDS AND THE BIG GRID 

Structural 
Canopy openess* 
Dead wood cover 
Foliar height diversity 
Number plant hits at 0 m 
Number plant hits at 0.5 m 
Number plant hits at 1.0 m 
Number plant hits at 1.5 m 
Number plant hits at 2.0 m 
Number plant hits at 2.5 m 
Number plant hits at 3.0 m 
Litter cover 
Rock cover 
Total basal area of trees 
Total number of plant hits at all heights 
Number of trees 
Vine cover on trees 
Aspect** 
Elevation** 
Slope** 

Taxonomic (number of hits by taxon) 
Alchornealatifolia 
Casearia arborea 
Cecropia schreberiana 
Chionanthus domingensis 
Cissus sicyoides 
Colocasia esculenta 
Dacryodes excelsa 
Didymopanax morototoni 
Diplazium l'herminieri 
Guarea guidonia 
Heliconia bihai 
Hippocratea volubis 
Homalium racemosum 
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Ichnanthus pallens 
Taxonomic cont. 

Inga laurina 
Inga~ 
Manilakara bidentata 
Marcgravia rectiflora 
Olyra latifolia 
Palicourea latifolia 
Philodendron spp. 
Pilea parietaria 
Piper glabrescens 
Prestoea montana 
Prestoea montana diameter 
Psychotria beteriana 
Rourea surinamensis 
Sauvesgia erecta 
Sloanea berteriana 
Thelypteris deltoidea 

* Determined using a spherical densiometer (Paul E. Lemmon, Forest 
Densiometers). 

,.,. These measurements were only taken on the big grid. 
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APPENDIXB 

CORRELATION OF VINE DESCRIPTORS AND PRESTOEA 

MONTANA wm-I OTHER DESCRIPTORS ENTERED 

INTO REGRESSION EQUATIONS 

GRIDT1 

Descriptor 
Philodendron P. montana 

Vine cover SEE· P. montana diameter 

C. caracolla 0.768 0.736 0.030 0.040 

C. esculen ta n/a n/a n/a n/a 

H.racemosum 0.874 0.973 -0.068 -0.115 

H. bihai -0.144 -0.121 - 0.197 -0.036 

M. bidentata -0.036 -0.046 0.050 0.002 

I. pallens -0.122 -0.066 0.021 0.000 

P. berteriana -0.137 -0.140 -0.021 - 0.147 

2. berteriana - 0.173 -0.079 -0.204 0.020 

Apparency at 0 m -0.165 -0.130 -0.042 0.046 

Apparency at 2.0 m 0.141 0.090 0.360 0.284 

Apparency at 2.5 m 0.236 0.224 0.135 0.101 

Apparency at 3.0 m -0.002 0.021 -0.170 0.140 

Aspect n/a n/a n/a n/a 

Canopy openness 0.036 -0.003 -0.054 -0.160 

Rock cover -0.199 -0.136 -0.141 -0.147 

Dead wood cover -0.154 -0.126 -0.216 -0.376 

Total basal area 0.599 0.347 -0.089 -0.162 

Litter cover -0.179 -0.144 -0.341 -0.306 

Number of trees 0.354 0.044 0.405 0.575 
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GRIDT2 

Descriptor 
Philodendron P. montana 

Vine cover SEE· P. montana diameter 

C. caracolla 0.094 -0.107 - 0.110 0.576 

C. esculenta - 0.110 -0.080 -0.050 -0.108 

H. racemosum n/a n/a n/a n/a 

H. bihai - 0.199 -0.258 0.045 0.153 

M. bidentata -0.015 -0.120 0.095 -0.042 

I. pallens -0.107 0.050 -0.019 -0.127 

P. berteriana -0.119 -0.106 0.243 0.102 

~. berteriana -0.124 -0.073 0.023 -0.083 

Apparency at 0 m 0.014 0.163 -0.024 -0.271 

Apparency at 2.0 m 0.171 0.071 0.318 0.110 

Apparency at 2.5 m 0.276 0.063 0.395 0.220 

Apparency at 3.0 m 0.281 0.069 0.433 0.129 

Aspect n/a n/a n/a n/a 

Canopy openness -0.154 0.031 -0.029 -0.299 

Rock cover -0.167 - 0.180 0.243 -0.088 

Dead wood cover 0.180 0.207 -0.041 - 0.171 

Total basal area 0.962 0.920 -0.162 -0.059 

Litter cover 0.330 0.296 -0.293 -0.076 

Number of trees 0.589 0.365 -0.001 0.629 
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GRIDT3 

Descriptor 
Philodendron P. montana 

Vine cover SEE· P. montana diameter 

C. caracolla 0.037 0.807 0.231 0.239 

C. esculenta n/a n/a n/a n/a 

H.racemosum n/a n/a n/a n/a 

H. bihai 0.250 -0.048 -0.111 0.012 

M. bidentata 0.390 -0.150 0.118 -0.245 

I. pallens 0.377 -0.145 -0.225 -0.051 

P. berteriana -0.141 -0.065 0.121 -0.090 

~· berteriana 0.328 -0.118 -0.119 -0.254 

Apparency at 0 m -0.016 0.190 0.234 0.005 

Apparency at 2.0 m 0.295 -0.143 0.394 0.052 

Apparency at 2.5 m 0.061 0.181 0.306 0.221 

Apparency at 3.0 m 0.158 0.215 0.652 0.564 

Aspect n/a n/a n/a n/a 

Canopy openness 0.115 -0.174 - 0.413 -0.292 

Rock cover 0.181 -0.079 0.181 -0.049 

Dead wood cover -0.022 0.665 0.129 -0.001 

Total basal area 0.602 -0.072 -0.210 -0.071 

Litter cover 0.333 -0.108 -0.007 0.115 

Number of trees 0.699 0.054 0.409 0.546 
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COMBINED GRIDS 

Descriptor 
Philodendron P. montana 

Vine cover SEE· P. montana diameter 

C. caracolla 0.399 0.544 -0.039 0.136 

C. esculenta -0.071 -0.033 -0.059 -0.059 

H.racemosum 0.520 0.620 -0.087 -0.087 

H. bihai - 0.125 -0.129 -0.022 -0.022 

M. bidentata 0.053' -0.101 0.137 0.137 

I. pallens -0.081 -0.023 -0.064 -0.064 

P. berteriana -0.097 -0.104 -0.071 -0.071 

~· berteriana -0.021 -0.093 -0.122 -0.122 

Apparency at 0 m -0.051 0.051 -0.046 -0.046 

Apparency at 2.0 m -0.164 0.019 0.120 0.120 

Apparency at 2.5 m 0.224 0.148 0.136 0.136 

Apparency at 3.0 m 0.162 0.096 0.239 0.239 

Aspect n/a n/a n/a n/a 

Canopy openness -0.037 -0.008 -0.213 -0.243 

Rock cover -0.118 -0.131 -0.009 -0.091 

Dead wood cover 0.061 - 0.123 -0.124 -0.208 

Total basal area 0.661 0.377 -0.155 -0.120 

Litter cover 0.143 0.038 0.103 0.022 

Number of trees 0.455 0.139 0.328 0.591 
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BIG GRID 

Descriptor 
Philodendron P. montana 

Vine cover 5EE· P. montana diameter 

C. caracolla 0.091 0.290 0.001 0.381 

C. esculen ta 0.047 -0.060 0.073 0.331 

H.racemosum -0.093 -0.060 0.332 0.006 

H. bihai 0.264 -0.049 -0.054 -0.005 

M. bidentata -0.050 -0.077 -0.010 -0.212 

!. pallens -0.058 0.147 -0.124 -0.185 

P. berteriana -0.129 -0.143 -0.014 0.219 

~- berteriana -0.113 -0.101 -0.135 -0.176 

Apparency at 0 m 0.009 0.016 0.092 0.164 

Apparency at 2.0 m 0.081 -0.135 0.294 0.076 

Apparency at 2.5 m 0.071 0.006 0.372 0.266 

Apparency at 3.0 m 0.097 - 0.166 0.200 0.323 

Aspect -0.106 -0.049 -0.212 0.162 

Canopy openness -0.009 0.171 - 0.150 -0.136 

Rock cover -0.171 0.196 -0.061 0.020 

Dead wood cover 0.061 -0.083 0.035 -0.071 

Total basal area 0.949 -0.002 -0.128 -0.101 

Litter cover 0.230 -0.286 -0.046 - 0.192 

Number of trees 0.042 0.095 0.255 0.031 
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